Objectives: To evaluate the ability of the Behavioral Indicators of Infant Pain (BIIP) scale to discriminate between skinbreaking and nonskin breaking procedures, and to identify sensitized pain responses in preterm infants in the neonatal intensive care unit (NICU).
F
or the preterm infant, particularly those born extremely early, exposure to invasive and intrusive procedures is necessary to ensure their survival. Important recent research shows that infants born as early as 25 weeks gestational age (GA) show activation of the somatosensory cortex in response to acutely painful procedures, 1 and infants born 28 weeks GA and above exhibit specific cortical hemodynamic changes that differentiate tactile from skin-breaking stimuli. 2 However, for clinicians working in the neonatal intensive care unit (NICU), deciding whether an infant is in pain or not is complex, not only because they must rely on nonverbal behavioral and physiologic cues that are relatively more or less specific to pain, but also because over time, depending on which indicators are chosen to assess the infants, their responses may be diminished or heightened (''sensitized''). 3, 4 Critical to instituting appropriate pain management strategies is the use of assessments, which are reliable, valid, feasible, and clinically useful. One of the important steps in establishing the validity of a scale is showing that it can differentiate between procedures that are painful and those that are less intrusive particularly because pharmacologic interventions may act differently if pain is or is not present. 5 In addition, in infants born at extremely early GAs, recommendations for the limited use of some nonpharmacologic interventions (ie, sucrose) increase the need to use assessments that discriminate accurately between painful and less invasive procedures. 6 Although a number of scales have been developed for the use of measuring acute pain in preterm infants, few have had adequate psychometric testing. 7 Developed recently, the Behavioral Indicators of Infant Pain (BIIP) is a reliable scale for use in preterm infants in the NICU. 8 This scale is unique in that it combines relatively specific facial actions, sleep wake states, and 2 theoretically derived, developmentally relevant hand actions.
Interrater reliability, concurrent and construct validity for the BIIP have been established by assessing change in pain scores between periods when the infants were not handled and when they experienced heel lance during routine blood collection. 8 The purpose of this study was to establish the discriminant validity of the scale. Our primary aim was to determine whether or not the BIIP distinguished between skin-breaking and nonskin-breaking procedures in preterm infants in the NICU. Our secondary aim was to examine whether or not the BIIP was accurate and specific enough to detect sensitized responses during painful procedures.
MATERIALS AND METHODS
In this within subjects, repeated measures, crossover study, 69 (36 male, 33 female) preterm infants born between 24 and 32 weeks GA were assessed at 32 weeks postconceptional age in the level III to IV NICU at the Children's and Women's Health Center of British Columbia. Ten infants (17%) were small for GA at birth and 47 (68%) were of white ethnicity. Infants who had received analgesics or sedatives within 72 hours of the assessment, who had major congenital anomalies, or whose mothers used illicit drugs during pregnancy were excluded. Infant characteristics are presented in Table 1 .
Background Data
A NICU-trained research nurse completed the prospective clinical chart review collecting information from birth to day of testing including the following: birth weight, GA at birth, sex, illness severity on day 1 (Score for Neonatal Acute Physiology-II), 10 cranial ultrasound scan results, daily opioid and other analgesic and sedative exposure, numbers and types of invasive skin breaking procedures, respiratory support, and type and time of last handling just before blood collection. Procedural pain exposure was defined as the sum of every skin breaking procedure from birth to the first testing day (eg, heel lance, intramuscular injection, chest tube insertion, central line insertion). Each attempt at a procedure is documented in the medical chart in our nursery; therefore, the total reflected all skin breaks. Total intravenous (IV) morphine exposure was calculated from birth to the test day by multiplying the average daily dose of IV morphine, adjusted for daily weight, by the number of days of IV morphine.
3,11

Procedures
Infants were recruited by a NICU research nurse and written informed consent was obtained from the mother according to a protocol approved by the Clinical Research Ethics Board of the University of British Columbia. Videotaping and physiologic recordings were carried out continuously at bedside; these methods are reported elsewhere. 8 The infants were studied on separate days in random order. On one day, after at least a 30-minute period in which the infant was not disturbed (average undisturbed time 106 min), behavioral and physiologic responses were recorded before, during, and after blood collection (procedure A). On the other day, after a period of undisturbed time (average undisturbed time 103 min), a fixed series of nursing procedures (diaper change, measuring abdominal girth, temperature, and mouth care) was performed before a scheduled clinical blood collection. Between the nursing procedures and the subsequent blood collection, each infant was left nested and undisturbed for a 20-minute rest period (procedure B). A time-line of the procedures is presented in Figure 1 . The clinical status of the infants on the first study day is presented in Table 2 .
Measures BIIP 8 The BIIP combines into a single score changes in sleep/wake states, 5 facial actions and 2 hand actions. This scale has been shown to have high interrater reliability and moderate concurrent validity with both a multidimensional pain scale (Neonatal Infant Pain Scale) wNumber of invasive (skin breaking) procedures from birth to the first study day.
zMorphine exposure = (daily average intravenous mg/kg) X days.
and with changes in mean heart rate (HR). 8, 9 A copy of the scale and the item descriptors can be found in Holsti and Grunau, in press. 8 
HR
Continuous electrocardiographic (ECG) activity was recorded from a single lead of surface ECG and was digitally sampled at 360 Hz off-line using a specially adapted computer acquisition system. Custom physiologic signal processing software was used to acquire, process, and analyze HR.
12 R waves were detected from the sampled ECG, and were used to form a smoothed instantaneous 4-Hz time series. 13 Epochs of HR (2.2 min each) were selected for Baseline, Lance/squeeze, and Recovery and for Baseline, Diaper, and Recovery. The epoch selection criteria were based on quantitative signal stationarity, the presence of a stable behavioral state, and the absence of gross movement artifact. 14 
Video Coding
Infant behaviors were videotaped continuously in real time across 3, 1-minute phases of blood collection (Baseline, Lance/squeeze, and Recovery) and diaper change (Baseline, Diaper, and Recovery), procedures required for the clinical management of the infants. Videotapes were edited for coding in random order of phases; coders were blind to all clinical information about the infants and to the purpose of the study. Interrater reliability coding was carried out on a randomly selected 20% of the sample. Using the 2-way random absolute agreement method of obtaining intraclass correlations, coders achieved reliability ranging between 0.79 (Baseline phase) and 0.92 (Lance/squeeze and Diaper phases).
Data Analysis
To assess changes in BIIP scores and mean HR, repeated measures analysis of variance (ANOVA) was carried out separately across the 3 phases of blood collection (procedure A), the 3 phases of diaper change, and for the 3 phases of blood collection which was preceded by the diaper change (procedure B). Figure 1 shows the separate comparisons. Because we and others have not found sex differences in pain responses of preterm infants, 8, 11 sex was not used as a between subjects variable. Five infants with significant central nervous system injury (intraventricular hemorrhage, grade III or IV, and/or periventricular leukomalacia) were retained in the analysis because facial and hand actions are not altered in these infants in response to skin-breaking procedures. 8, 15 Bonferroni corrections were used to correct for overall type I error. Repeated measures data were examined for sphericity; Greenhouse-Geisser Epsilon values were used to determine significance. Statistically significant ANOVA was followed by planned Student t tests for paired comparisons to identify differences between phases. Paired t tests were used to compare BIIP scores and mean HR between the Lance/ squeeze phase with the Diaper phase. Paired t tests were used to compare the mean BIIP scores of the Lance/ squeeze phases between procedure A (blood collection preceded by rest) and procedure B (blood collection preceded by the Diaper procedure); changes in mean HR were analyzed in a similar way.
Finally, because our sample was heterogeneous, that is, we included infants born at varying GAs, illness severity, etc, using ANOVA with GA as a between subjects grouping factor. We compared responses of infants born very early (<29 wk; n = 29) to infants born at later GAs (29 to 32 wk n = 40). GA at birth, illness severity, days of ventilation are all variables that are highly intercorrelated 16 ; therefore, we chose GA at birth as a proxy measure. In addition, we used this cut-off because we have shown previously that infants born below 29 weeks are much more likely to require intubation/ventilation and other invasive procedures. 17 In addition, we reanalyzed the data to determine whether including the 10 infants born small for gestational age altered our results.
RESULTS
As our primary aim was to examine whether or not the BIIP discriminated between skin-breaking and nonskin-breaking procedures, sample size estimates were calculated as though we were using a between groups design. GPOWER was used to calculate the estimate, 18 and effect sizes entered into the program were based on Using this method, we far exceeded the 16 infants which were needed to detect differences between each phase for a power of 0.95 with the statistical significance set at 0.05 and with a large effect size (1.23).
Total handling time for the stressor phases was not statistically significantly different (Lance/squeeze procedure A vs. Diaper: 6.0 and 5.7 min, and Lance/squeeze procedure A vs. Lance/squeeze procedure B: 6.0 and 5.7 min). Significant main effects were found for changes in BIIP scores and mean HR across procedure phases (Baseline, Lance/squeeze, and Recovery; Baseline Diaper, and Recovery; and Baseline, Lance/squeeze, and Recovery-procedure B) ( Table 3 ). Post hoc analyses revealed significant increases in BIIP scores and mean HR from Baseline to the Stressor phases in all instances. Excluding the infants born small for gestational age did not alter any of our results. For procedure A, mean BIIP scores increased significantly from Baseline to the Lance/squeeze phase (procedure A-95% confidence interval (CI): À 4.4 to À 3.5, P<0.001) and similarly, mean BIIP scores increased from Baseline to the Diaper change (procedure B-95% CI: À 2.8 to À 1.5, P<0.001). Similar results were found for changes in mean HR [(procedure A) Baseline to Lance, 95% CI: À 22.5 to -15.8, P<0.0001; (procedure B) Baseline to Diaper, 95% CI: À 15.1 to À 10.1, P<0.0001]. In examining changes between the Stressor phases (Lance and Diaper) and the Recovery, the infants' behavioral and physiologic responses returned to Baseline levels except during the following 2 procedures: during Recovery for the Diaper procedure BIIP scores remained elevated significantly (95% CI: À 1.5 to À 0.1, P<0.02); during the Recovery phase compared with Baseline, HR remained elevated significantly when blood collection was preceded by the Diaper procedure (procedure B; 95% CI: À 6.9 to À 0.4, P<0.03).
Results from the paired t tests indicated that mean BIIP scores were higher during the Lance/squeeze than during the Diaper [5.1 vs. 3.1; t = 5.1, P<0.0001 (95% CI: 1.22-2.75)]. BIIP scores did not differ during the Baseline or Recovery phases between procedures. In parallel with BIIP scores, mean HR was also higher during the Lance/squeeze phase than during the Diaper phase [176 vs. 168; t = 4.7, P<0.0001 (95% CI: 4.5-11.2)], but did not differ during the Baseline or Recovery phases. Infants who had blood collection after a diaper change showed higher BIIP scores [procedure A-5.1 vs. procedure B-6.0, t = 2.3, P<0.03 (95% CI: 0.12-2.3)], but not mean HR during the subsequent Lance/squeeze phase than had they had been left undisturbed before the blood collection. HR during the Recovery from the blood collection in procedure A did not differ significantly from Recovery from the blood collection in procedure B.
Finally, both groups of infants (<29 wk GA and 29 to 32-wk GA) showed higher BIIP scores to the Lance/ squeeze than to the Diaper; no between groups differences were found. However, infants born at the earlier GA had higher mean HR to the Diaper [F(1,67) = 3.9, P<0.05] than infants in the 29 to 32-week GA group. No differences in mean HR were found for the Lance/ squeeze phase.
DISCUSSION
Being able to differentiate between procedures that are less intrusive from those that induce pain is important for the appropriate application of pharmacologic and nonpharmacologic interventions. 5, 6 In this study, we have demonstrated that the BIIP discriminates acute skinbreaking from nonskin-breaking procedures in preterm infants assessed at 32 weeks postconceptional age in the NICU, data which supports further the validity of the scale. Although some would suggest that evaluating the validity of this scale should be done on a homogenous population, we would argue that a particular strength of our study is that we used a sample, which was representative of the varying stages of illness/recovery found typically in preterm infants in the NICU.
Previously, graded behavioral responses to procedures have been observed reliably in infants as young as 28 weeks GA; however, body movement indicators were not included in that study. 20 In addition, in infants assessed between 28 and 36 weeks GA, wiping a cotton pad on the hand stimulated lower levels of somatosensory oxygenated hemoglobin than did heel lance.
2 Importantly, the infants born at the earlier GAs showed the greatest changes during the heel lance. 2 Nevertheless, in that study, the skin-breaking procedure lasted almost twice as long as the tactile procedure; whereas in our study, the time of blood collection and diaper change were equal. Another strength of this study is our analysis of 2.2 minutes of HR data in response to the stressors; longer time periods provide important information on the infants' physiologic regulatory capacities. Like others, we found that behavioral and physiologic responses were divergent. 22, 23 During the Recovery phase, after the Diaper procedure, mean HR returned to baseline levels, whereas behavioral responses (BIIP scores) remained elevated. What was once thought to be relatively innocuous, diaper changing induces in some infants' responses that are of greater length and intensity than those during heel lance. 24 Indeed, HR responses were higher to the Diaper in infants born at the earlier GAs (<29 wk). On the other hand, when blood collection was preceded by the Diaper procedure, mean HR remained elevated during the Recovery phase whereas behavioral responses returned to baseline levels. It is difficult to reconcile why these differences in Recovery to the procedures occurred. Divergent results such as these demonstrate the complexities in responses of these infants. Accordingly, unlike with multidimensional scales (those which combine behavioral and physiologic indices into a single score) when used along with changes in physiologic measures, the BIIP allows both researchers and clinicians to evaluate the complex nature of pain responses and the effects of interventions on each response system separately. Moreover, as mentioned previously, the BIIP is a unidimensional scale; that is, it is comprised of behavioral indicators only. From an evolutionary perspective, behavioral indicators are designed specifically to elicit care giving; therefore, they may be more ecologically salient than are physiologic indicators. 25 Unique to this study is the evaluation of the BIIP scale for detecting sensitized (heightened) pain responses in these infants; indeed, the BIIP was accurate in detecting differences in pain responses when blood collection after a prolonged rest period was compared with the responses in the same infants after they had been exposed to routine nursing procedures (diaper change) before the blood collection. In term infants, a single major painful event produced sensitization to painful events experienced a few months later. 26, 27 Preterm infants are at great risk for enhanced pain sensitivity. Studies using animal models show that a single skin wound produces a profound and long lasting hyperinnervation of myelinated A-fiber and unmyelinated C-fiber sensory nerve terminals. 28, 29 In addition, neonatal dorsal horn cells in the spinal cord are much larger, 30 and natural stimulation of these fields may lower their threshold to additional stimuli (central sensitization). 31 Furthermore, their descending inhibitory pathways are not developed fully. 32, 33 Accordingly, preterm infants below 35 weeks postconceptional age show altered peripheral nociceptive sensitization with lowered thresholds to tactile stimulation; their thresholds decrease further (primary hyperalgesia) after repeated pain exposure. 34 Responses such as these may indicate not only peripheral sensitization, but also allodynia, a condition whereby previously innocuous stimulation is perceived as painful as a result of central sensitization. 35, 36 Thus, changes in peripheral and central pain processing pathways are likely the reason why both skin-breaking and nonskin-breaking procedures induce sensitized behavioral and physiologic responses in these infants even when a rest period of up to 20 minutes is given between procedures. 17, 37 Further research is needed to determine what the ideal length of time should be between procedures to prevent such heightened responses.
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Given the number of assessment tools already available, why prefer the BIIP? First many do not have specifically defined, developmentally appropriate, anatomically based indicators making accurate and reliable scoring less likely. Second, the scale studied and used most extensively to date, the Premature Infant Pain Profile (a multidimensional scale), includes weightings that are applied to account for factors influencing pain responses (behavioral state and GA at birth) in this population. 38 As we have argued previously, weightings such as these may conceal important differences in arousal in infants born at varying GAs. 8 In addition, some have found the PIPP difficult to administer in real time in the clinical setting. 39 As an alternative, the BIIP scale has a number of advantages. First, the indicators that comprise the scale have been shown to be the relatively most specific behavioral cues for assessing acute pain. 11, 40, 41 Second, among these indicators are 2 hand actions (finger splay and fisting) which are movements that have very specific descriptors and that are derived from a theoretical model developed for assessing levels of stress and stability in preterm and high-risk full-term neonates. 42 Importantly, these 2 hand actions seem to act as a ''counterbalance'' for assessing pain in infants whose facial responses may be diminished as a result of being exposed to repeated painful/ stressful procedures.
3,43 Thus, we have achieved accounting for potential differences in facial responses without the need for statistical weightings.
Several potential limitations of our study should be mentioned. First, we did not include infants who were assessed below 32 weeks postconceptional age. Assessing pain in infants born at extremely low GAs remains challenging because many are placed on sedation or analgesic medications. However, preliminary data on a small number of infants show that the BIIP is able to detect pain responses reliably in infants assessed below 28 weeks GA. 8 In addition, the infants in this study were scored from videotape rather than at bedside; thus, although we can demonstrate reliability and some aspects of validity of the BIIP under controlled conditions, establishing clinical utility and feasibility is still required.
In conclusion, this study provides further evidence that the BIIP scale is valid, reliable, and accurate for measuring acute procedural pain in preterm infants in the NICU. Combining the relatively most specific, developmentally relevant, anatomically based, and theoretically derived indicators, this scale offers significant advantages over others which are available currently. Future work will include evaluating the psychometric properties of the BIIP in infants assessed at earlier GAs. Moreover, further research is required to determine whether or not the BIIP scale is valid and reliable for measuring prolonged pain (eg, postoperative pain) and chronic pain states, conditions for which few measurement tools exist.
